The road safety performance of countries is conducted by combining seven main risk indicators into one index using a particular weighting and aggregation method.
INTRODUCTION
Research on road safety has lately received a lot of attention in traffic science.
Worldwide, an estimated 1.2 million persons are killed in road accidents every year and as many as 50 million are injured [1] . Given this high number of casualties and the resulting suffering and costs, road safety enhancing measures are urgently needed.
Better insight into the relative risk performance of countries is vital in this respect.
Existing research has basically focused on the identification of risk factors leading to road accidents and casualties (e.g. [2, 3] ). At the European level, seven main risk factors have been agreed upon, namely alcohol and drugs, speed, protective systems, daytime running lights (DRL), vehicle, roads and trauma management [4, 5] . The risk factors are captured by quantifiable safety performance indicators (e.g., the alcohol and drugs factor by the share of road users with a blood alcohol content above the legal limit). A safety performance indicator is defined as any measurement that is causally related to accidents and casualties and used in addition to a count of accidents and casualties in order to indicate the safety performance or understand the process that leads to accidents [4] . Indicator values can then be compared across countries and key problem areas revealed. This makes it possible to select appropriate measures that tackle the main risk aspects and consequently enhance the level of road safety in a country.
Countries could be compared on each indicator individually. However, given the large number of relevant road safety performance indicators, the creation of an overall road safety performance index -which is a combination of road safety performance indicators -is valuable. One of the main advantages of an index over a set of individual indicators is that the overall road safety picture is presented as the different risk factors are joined in this index. Moreover, based on the index scores the countries' ranking can be set up representing the combined performance on essential road safety risk indicators.
Similar to the common road safety ranking based on the number of road fatalities per million inhabitants, an easy comparison across countries can be made based on one score and the relative position of a country in the ranking identified. By contrast, the indicators of which the index consists help in taking appropriate action.
The combination of road safety performance indicators in an index is a methodologically intensive process consisting of various steps [6] . In general, an index results from the aggregation of a set of indicator values and a set of weights. In this paper, we focus on two essential methodological aspects, that is the weighting of road safety indicators and the aggregating of road safety indicators. As the concept of indicators and indexes is relatively new in the road safety field, not much attention has been paid to these topics so far. Composing an index as the average over all indicator values is simple yet inappropriate. The importance of two indicators might significantly differ from each other and the idea of full compensation between good scores and bad scores might be unacceptable. Given the policy implications the index should be constructed in a sound way. Therefore, the concept of weighting as well as the field of aggregation should be thoroughly evaluated.
The remaining of this paper is structured as follows: the indicator data are presented in Section 2. Relevant weighting and aggregation concepts are described and applied in Section 3. The results in terms of the countries' ranking are discussed in Section 4. This paper closes with the main conclusions.
ROAD SAFETY INDICATOR DATA
An index will be composed consisting of seven road safety performance indicators.
Each risk factor is represented by one appropriate indicator for which reliable and comparable data are available. In international data sources 2003 indicator values were found for 21 European countries. The seven indicators are briefly described. The alcohol and drugs risk is captured by the percentage of road users with a blood alcohol content above the legal limit. The speed indicator measures the percentage of road users exceeding the speed limit on highways. Concerning protective systems the seat belt wearing rate in front of cars and vans is the selected indicator. As a proxy for the daytime running lights factor a categorical indicator is formulated specifying whether no, a partial, or a full DRL law is in place. The vehicle risk is expressed by the share of cars of maximum five years old. The fifth indicator relates to roads and is the network density, defined as the network length divided by the area. Finally, the share of the gross domestic product spent on health care is the trauma management indicator.
All seven indicators are defined in such a way that a high indicator value should be aimed at. A country with high indicator values (e.g., a high seat belt wearing rate) has a good road safety performance. However, each indicator being expressed on a particular scale and in a particular measurement unit, the indicator data will be normalised to all lie between zero (the worst performance) and one (the best performance). As we are aware of the fact that the end result (i.e., the ranking of countries based on their index score) is influenced to some extent by the indicator chosen for each risk factor, the exact values are not employed. Since we expect the relative ordering of the countries for example with respect to alcohol and drugs to be more robust than the specific values on a particular alcohol and drugs indicator, the interval (1) referring to the largest indicator value and (7) to the smallest one. That way, the ordering from good areas to problem areas becomes clear for each country. Of all seven risk factors, Austria performs best with respect to daytime running lights and worst with respect to protective systems. (2) The seven values of each country will be combined in an index score using a specific weighting and aggregation method (see Section 3). Based on the 21 index scores a ranking will be produced. This ranking will be evaluated quantitatively by computing the Spearman's correlation coefficient between the index ranking on the one hand and the ranking based on the number of road fatalities per million inhabitants on the other hand. In addition, a qualitative assessment of the methods will be given. In the end, we want to combine indicators in a road safety performance index that has been constructed by means of a sound and acceptable methodology and has a clear link with the number of road fatalities.
WEIGHTING AND AGGREGATING

Weighting concepts
To obtain a composite indicator a decision needs to be made upon the weight to assign to each indicator. In the index literature, a number of weighting methods can be found (see e.g., [7] ). In general, indicator weights can be determined based on correlations (factor analysis), experts' opinions (budget allocation or analytic hierarchy process), optimization models (data envelopment analysis) or equally distributed (equal weighting) [8] . Here, we focus on weights which represent the idea of experts concerning the importance of the indicators. In the analytic hierarchy process (AHP) [9] experts are asked to judge the relative contribution of one indicator compared to another one. These pairwise comparisons are somewhat time consuming and may involve some level of inconsistency (e.g., A > B; B > C; C > A). Therefore, we opt for the more simple design of the budget allocation (BA) method. A selected panel of experts is asked to distribute a given budget over the set of indicators in such a way that spending more on an indicator implies that they want to stress its importance.
In general, the BA method has four phases [10] . First, the experts have to be selected. It is important to gather experts with a wide spectrum of knowledge and experience.
Second, each expert allocates the predetermined budget of N points to the indicators. In a third step, weights are calculated from these figures. More specifically, the share of budget allocated to an indicator equals its weight. The fourth step is an optional one in which the procedure is iterated until convergence is reached.
Expert weights
The method used for determining the seven indicator weights is budget allocation. On the one hand, BA is a simple and often used weighting method in the context of indexes (see e.g., [11] ); on the other hand, some aspects need to be taken into account. First, the selection of experts is crucial and should be well-considered. It is possible that the results are biased if experts assign a high weight to the indicator on which their country performs well. In this research, experts familiar with the causes and risk factors of road safety were selected. Moreover, as they originated from various countries an international view on the contribution of each risk factor to road safety could be obtained. Secondly, the method may not measure the importance of a specific indicator but the need for political intervention in that dimension [10] . Finally, the maximum number of indicators to distribute the budget over, is limited to ten, enabling the experts to keep an overview [7] . The set of expert weights corresponding to the indicators of alcohol/drugs, speed, protective systems, daytime running lights, vehicle, roads and trauma management is [0.23; 0.31; 0.13; 0.04; 0.07; 0.11; 0.11]. It appears that the experts stress the behavioral aspects speed and alcohol/drugs whereas the daytime running lights factor received the least weight. In the next section, the aggregation of indicators is explained.
Aggregation concepts
Apart from assessing indicator weights, the aggregation of the indicators needs to be Ordered weighted averaging operators are promising for the road safety context. Very common aggregation operators such as the arithmetic mean operator (W=[1/n, 1/n,…,
1/n]
T or α=1) are in fact a special case of the OWA operator. In addition, by means of linguistic quantifiers the attitude of experts or decision makers can be taken into account.
For each value of α a different weighting vector is obtained. In the next section, the selection of α and the resulting OWA vector is discussed.
Ordered weighted averaging operators
From a panel discussion the following principles regarding aggregation were gathered:
A) In case a country scores badly on more than a few indicators, its index score should be small; B) In case a country scores badly on a few indicators, its index score should be between small and average.
Based on these guidelines an upper and lower limit can be found for α . The first step is to give a specific meaning to the concepts 'badly' (with respect to indicator performance), 'a few' (with respect to the number of indicators) and 'small' and 'average' (with respect to the index score). The performance with respect to an indicator will be classified as 'good', 'average' or 'bad' [15] . Here, score 1 is assigned to good; Taking both formulations into account it can be seen that α should be in the interval [2.477;3.235 [ to obtain an acceptable aggregation. Next, a final OWA vector is obtained by selecting one value for α (i.e., 2.5; 2.6; 2.7; 2.8; 2.9; 3.0; 3.1; or 3.2). Therefore, each of the eight possible values is used to create a weighting vector. By multiplying the ordered indicator values with the OWA vector, index scores are obtained even as a ranking of the 21 countries. We select the α value which produces the strongest relationship with the ranking based on the number of road fatalities per million inhabitants. The result is an α equal to 2.5 and an OWA vector of (0.01; 0.03; 0.08; 0.13; 0.18; 0.25; 0.32).
RESULTS
In this research, 21 countries are ranked with respect to their road safety risk performance. In particular, an index is constructed by combining seven indicators according to a specific weighting and aggregation method. The methodological process underlying the creation of three possible countries' rankings is visualised in Figure 1 . Furthermore, this index assumes that each indicator has a similar importance and equal weights rather than expert weights are applied. The third ranking integrates both ideas:
an index in which the seven indicator values are combined using the set of expert weights (to stress the importance of the alcohol/drugs and speed indicator) and the OWA vector (to guarantee a different emphasizing of good and bad performances). The index scores result again from the sum of the product of the seven indicator values and their weights. However, the speed value of Denmark for example highly contributes to its index score because experts indicate speed as the most important indicator of the seven (0.31); moreover, because speed is the worst performance (7) of Denmark, the highest OWA weight (0.32) is assigned to it. All rankings are presented in Table 2 . A quantitative assessment can be made by computing the degree of correlation between each ranking and the ranking based on the number of road fatalities per million inhabitants. The Spearman's correlation coefficient with respect to the three index rankings is 0.63 respectively 0.70 and 0.67. It can be concluded that there exists a high degree of harmony between the rankings. Rather than only considering the correlation coefficient, the idea of creating an index in which several risk indicators are combined using a sound and appropriate methodology should be the most important aim.
Therefore, the more qualitatively oriented conclusion is that the third ranking is the most valuable one as it takes all available information into account: the behavioural risk indicators speed and alcohol/drugs as well as the bad performances of each country are stressed. Moreover, the worst performances of the countries at the top of this ranking have relatively good indicator values.
CONCLUSIONS
By comparing relevant risk indicators across countries insight is gained into the good and bad road safety performances of each country. Given the multidimensionality and complexity of road safety, various indicators can be selected. At the European level, alcohol and drugs, speed, protective systems, daytime running lights, vehicle, roads and trauma management are considered to be the main risk factors. Each factor is to be represented by at least one quantifiable indicator. However, combining essential road safety risk indicators in a composite index offers an overall view on road safety risk performance. Based on the index scores countries can be ranked and the evolution in risk can be monitored. Moreover, the underlying indicators offer information on which action to take. To construct an index using a sound and appropriate methodology this paper showed that both ideas of weights based on expert knowledge and ordered weighted averaging operators based on linguistic formulations can be integrated. The resulting ranking of the 21 countries based on the index scores (index ranking 3) appeared to have a clear link with the common ranking using the number of road fatalities per million inhabitants.
In addition, the behavioural risk indicators speed and alcohol/drugs as well as the bad performances were assigned a relatively higher weight thereby reflecting the weighting and aggregation idea of experts and decision makers.
The methodological aspects involved in the index construction process can be further elaborated. Other techniques such as fuzzy preference relations and multi-criteria decision making are planned for our future research on this topic.
